Reactivity of cysteine-49 and its influence on the activation of microsomal glutathione transferase 1: evidence for subunit interaction.
Microsomal glutathione transferase 1 is a homotrimeric detoxication enzyme protecting against electrophiles. The enzyme can also react with electrophiles, and when modification occurs at a unique Cys49 the reaction often results in activation. Here we describe the characterization of the chemical properties of this sulfhydryl (kinetic pK(a) was 8.8 +/- 0.3 and 9.0 +/- 0.1 with two different reagents) and we conclude that the protein environment does not lower the pK(a). Upon a direct comparison of the reactivity of Cys49 and low molecular weight thiols [L-Cys and glutathione (GSH)], the protein sulfhydryl displayed a 10-fold lower reactivity. The reactivity was correlated to reagent concentration in a linear fashion with a polar reagent, whereas the reactivity toward a hydrophobic reagent displayed saturation behavior (at low concentrations). This finding indicates that Cys49 is situated in a hydrophobic binding pocket. In a series of related quinones, activation occurs with the more reactive and less sterically hindered compounds. Thus, activation can be used to detect reactive intermediates during the metabolism of foreign compounds but certain intermediates can (and will) escape undetected. The reactivities of the three cysteines in the homotrimer were shown not to differ dramatically as the reaction of the protein with 4, 4'-dithiodipyridine could be fitted to a single exponential. On the basis of this result, a probabilistic expression could be used to relate the overall degree of modification to fractional activation. When N-ethylmaleimide activation (determined by the 1-chloro-2, 4-dinitrobenzene assay) was plotted against modification (determined with 4,4'-dithiodipyridine), a nonlinear relation was obtained, clearly showing that subunits do not function independently. The contribution to activation by single-, double-, and triple-modified trimers, were 0 +/- 0.06, 0.74 +/- 0.09, and 0.97 +/- 0.06, respectively. The double-modified enzyme appears partly activated, but this conclusion is more uncertain due to the possibility of independent modification of the purified enzyme upon storage. It is, however, clear that the single-modified enzyme is not activated whereas the triple-modified enzyme is fully activated. These observations together with the fact that MGST1 homotrimers bind only one substrate molecule (GSH) strongly support the view that subunits must interact in a functional manner.